Ctenophores are famed for the spectacular iridescence of their comb-rows, but the cause of this bright colouration has never been found. The colour of any given part of a ctenophore comb-row changes as the combs in that region beat and, thus, the angle between each comb and an observer changes. This colour variation with angle indicates that the colouration originates from a structural cause, not a pigment [1] .
explained in terms of its optical properties.
The ctenophore studied here was collected by submarine, on a research cruise off the Eastern Coast of the USA, between 70°a nd 75° West and 35° and 42°N orth. Several lengths of comb row were removed by dissection; each comprised four or five combs and the material joining them. These comb row samples were immediately fixed in glutaraldehyde solution and subsequently prepared for TEM (see Supplemental Data available online).
TEM revealed many thousands of tightly packed cilia, running perpendicular to the plane of the section, such that they were seen in transverse section (Figure 1 ). The dimensions of these cilia, combined with their highly regular arrangement was very reminiscent of the colourproducing structures found within the spines of the polychaete worm, Aphrodita sp. -a structure known to be a photonic crystal [3] .
In Beroë cucumis, the putative photonic crystal is twodimensional (the structure's composition does not vary along the length of the cilia, but shows periodic spatial variations in both of the other dimensions), with a previously undescribed geometry; the cilia are parallelogrammatically packed, giving the photonic crystal a parallelogrammatic repeat-unit with side lengths, d 1 For optical modelling, we constructed a two-dimensional 'Bravais' lattice, using the measurements given in Figure 2 , to describe mathematically the geometry of a 'unit cell' -one cilium and the space around itwhich is repeated by translations throughout the rest of the crystal and, thus, describes the geometry of the whole crystal, once these translations are accounted for. From this, we calculated the reflectance, using a 'transfermatrix' approach [7] (see Supplemental Data on-line). We used a refractive index, n 0 = 1.34 to account for the light refracting properties the solution inside the cilia (cytosol) and the refractive index n r = 1.57 for the cilial components (microtubules and so on) in our calculations (see Supplemental Data on-line).
Our model predicted the reflectance spectra shown in Figure 2 -they are in the visible range, for different incidence angles. At normal incidence (θ θ = 0), the reflectance is very low for all wavelengths, except for a neartotal reflection band centred on λ = 615nm, in the red part of the visible range, indicating that bright red colouration would be observed at this angle. For increasing incidence angles, this reflection band shifts to shorter wavelengths, sweeping the whole visible spectrum (orange for θ θ = 15°, yellowish green for θ θ = 30°, blue for θ θ = 45°). For θ θ = 60°, the reflection lies within the ultraviolet Our results show that the observed colouration of the ctenophore Beroë cucumis can be explained by the structure described, which operates as a photonic crystal. This is the first time a photonic crystal composed of cilia has been reported. The parallelogrammatic cilial packing is also new: the two-dimensional photonic crystals previously described have had hexagonally [3] , squarely [9] or rectangularly [9] packed components.
Remarkably, our results indicate that this structure is optimised not only for reflection of ambient light to generate bright colouration across the visible spectrum, but also to transmit light of wavelengths around that of the organism's bioluminescence. Since ctenophores lack light sensitive organs and the main prey of Beroë cucumis are other ctenophores, we suggest the most likely function of this colouration to be deterring predators. 1 
